Abstract China has one of the world's most diverse freshwater turtle faunas but is also a major consumer of freshwater turtles. In the 1980s over-collecting, illegal trade and habitat destruction increased dramatically, pushing almost all Chinese turtles towards extinction. Despite the critical status of Chinese turtles little has been done to quantify and evaluate the impact of illegal activities on wild populations. We used a combination of market surveys and questionnaires to examine the illegal trade and conservation status of native freshwater turtles in Nanmao, Hainan Province, from February to August 2003. We found a total of 245 collected freshwater turtles comprising eight species. These data indicate that Nanmao has a rich freshwater turtle fauna that is being affected heavily by illegal poaching. No effective measures have been taken to protect the few remaining wild turtle populations. The main factors that lead to illegal trade include the cultural belief that turtles are a viable food/medicine product, lack of conservation awareness, poaching of turtles as a supplement to income, and poor law enforcement. Possible conservation strategies are discussed.
Introduction
China has one of the world's richest freshwater turtle faunas. Since the 1980s, however, illegal trade, overcollecting and habitat destruction have been threatening many freshwater turtle species (Zhao, 1998; . Much of this is driven by the fact that China is the major consumer of freshwater turtles (Ades et al., 2000; Compton, 2000; van Dijk, 2000) . Although many turtle species are protected by CITES and China's Wild Animals Protection Law, they can be found in restaurants and food markets (DeBruin & Artner, 1999; Gong, 2003; Gong et al., 2003a; Shi, 2004a, b; CITES, 2005; Gong et al., 2005a) . The high market value of these turtles provides incentive for many farmers to become full-time turtle collectors Gong et al., 2003a) .
Hainan Province, a subtropical island in the South China Sea, has 12 species of freshwater turtle (50% of the non-marine turtle species in China; Zhang et al., 1998; Zhao et al., 2000; Parham et al., 2001; Dalton, 2003) . The biodiversity of Hainan is of high conservation priority, although the island is also a site of rampant illegal turtle trade (Gong, 2003; Gong et al., 2003a Gong et al., , b, 2005a Shi, 2004a, b) . Because of its secrecy it is difficult to quantify the impact of this trade, although this is crucial for assessing the status of turtle populations and determining appropriate conservation strategies.
In August 2002 we conducted a preliminary survey of the distribution and illegal trade of freshwater turtles in Hainan Province (Gong, 2003) . From discussions with villagers we inferred that the freshwater turtle fauna of the area of Nanmao was relatively rich despite serious human impacts. To collect detailed data we surveyed illegal trade and collecting of freshwater turtles in Nanmao during February-August 2003. Our aims were to (1) determine the status of freshwater turtle populations, (2) clarify the status and causes of illegal trade and collecting, and (3) provide recommendations for conservation of these turtle species.
Study area
The region of Nanmao is located in the central mountains of Hainan Province at 200-1,200 m altitude ( Fig. 1) and is inhabited by people of the Miao minority group. The vegetation consists primarily of monsoon rainforest, rubber plantation and rice fields. In the past few decades much of the rainforest has been destroyed through human activity and now exists as secondary forest and shrub (Gong et al., 2003a) .
Materials and methods
We visited markets and turtle collectors once per week for 23 weeks from 20 February to 15 August 2003 to gather information on the turtle trade in Nanmao and surrounding villages. To prevent the double-counting of turtles in villages and markets we measured and recorded the length and width of carapace and plastron, length of tail, body weight, sex and location in the market of each turtle. By comparing data we thus avoided the double-counting of turtles.
Surveying illegal trade and collection of turtles is difficult because these activities are secretive. Even turtle traders in the markets were reluctant to share information with us because of their suspicions that we were policemen. As a result, little information was collected during the first 2 months. Gradually we were able to befriend some local villagers who were willing to share information for a fee. They also took us to see the turtles collected from the field and introduced us to some other turtle traders and collectors. It is in this way we were able to collect information on illegal turtle collecting and trade.
Questionnaire surveys were conducted from May to July 2003. The questionnaire was designed to gather information about the turtle trade and the opinions of the local people on turtles. A total of 196 interviewees were selected randomly from 1,200 local villagers in Nanmao, of which 14 questionnaires were invalid because of incompleteness, leaving us with 182 valid questionnaires. For the question regarding the turtle species found in the local area, a set of illustrations of the turtles of Hainan Province were shown to the interviewees.
Results
We found a total of 245 freshwater turtles belonging to eight species (Table 1) . The collectors told us that these turtles were collected from Nanmao and surrounding areas. In addition, we believe that two turtle species not recorded in our survey (Palea steindachneri and Pelochelys cantorii) may currently or historically have been found in Nanmao. Many villagers expressed familiarity with these species when shown illustrations of them, and some local turtle collectors told us these species were found in the past but are now rare because of over-collecting.
Illegal trade and collecting of turtles is widespread. In Nanmao and surrounding areas we found .20 small illegal turtle purchasing stations and black markets. Of the 245 turtles found (106 female, 67 male and 72 unsexed juveniles), 160 were for sale in Nanmao village, and the others in the illegal turtle purchasing stations and black markets. We received information from villagers about when turtles were captured but we were not able to see all of the turtles because they were often sold before we arrived. We therefore believe that 245 is an underestimate of the number of turtles sold during the 8 months of our study. Turtles are a valuable commodity in Nanmao, with market prices of USD 10-2,000 kg 21 (Table 1) . Turtle collecting seems to be undiscerning as all turtle species, regardless of age and sex, were seen for sale in the markets. A summary of the responses to the questionnaire are given in Table 2 .
Discussion
Almost all of the villagers believe that turtles are a delicacy and that eating turtle can make them healthy and help them live longer (Table 2 ). However, it seems that the most important factor leading to the decline of turtle populations is not local consumption but the illegal turtle trade. Most captured freshwater turtles were sold rather than consumed locally. Income is low in Nanmao, with 78.6% of the villagers earning USD 200 per year or less (Table 2) . This cannot meet all of people' needs, and the collection and sale of turtles is a useful income supplement.
There is a lack of local conservation awareness. Most people are uneducated, with c. 78.6% of the villagers having attained only a primary level of education. More than 70% of the villagers do not understand why wildlife should be conserved and, as a result, few people protect wildlife voluntarily. Almost all of the villagers think that turtles are a public resource they have the right to collect and use for their own benefit and .50% of the villagers who collect turtles do so despite knowing it is illegal. From the questionnaire we were able to determine that the main factors leading to illegal trade in turtles are a cultural tradition of turtle use, lack of conservation education, incentive for financial rewards and insufficient law enforcement.
It had been thought that the over-collecting of turtles throughout China had resulted in the extirpation of local populations (Shi et al., 2003) but data from the markets and questionnaires show that Nanmao still has a rich freshwater turtle fauna. However, illegal trade and collecting have had deleterious effects on these turtle populations and population densities are low (Gong et al., 2003a) . Although China's Wild Animals Protection Law came into effect in 1989 (Jia & Ma, 1991) and measures have recently been taken specifically to control illegal trade in turtles (Meng et al., 2002) , these efforts appear to have been ineffective.
Although areas have been set aside as nature reserves, illegal collecting still occurs in these reserves and there is little law enforcement (deBruin & Artner, 1999; Gong et al., 2005a) . The main factors that allow poaching to persist in nature reserves are: (1) the lack of information on species present and their distribution, (2) too few law enforcement agents patrolling the area, (3) difficult working conditions and low salary providing little motivation for these agents, and (4) no effective assessment system to check the results of conservation actions (Gong et al., 2005a Nanmao. Priority should be given to enhancing law enforcement as well as adding all native freshwater turtle species to the state-protected species list and CITES Appendix I (Table 1) . Currently, only four of Hainan Province's 12 native freshwater turtle species are listed on the state-protected wildlife list (C. trifasciata, Geoemyda spengleri and P. steindachneri in grade II, and P. cantorii in grade I). In addition, more funding and manpower is necessary to train law enforcement agents effectively and enforce legislation. In Nanmao most people have little formal education and they feel it is their right to collect turtles for personal use. Actions needs to be taken to increase public awareness of conservation. Educational programmes in rural areas, especially for children, may help to change cultural beliefs and place focus on the importance of conservation. Cities, where the majority of demand occurs, should also be targeted with awareness programmes to curb turtle consumption. It is important that all levels of organization, from national governments and international organizations to local governments and schools, cooperate in raising conservation awareness. Turtles have such a long history of use that it is unrealistic to imagine that education will completely eliminate their collection. In addition, alternatives should be considered to improve income and provide incentives for villagers to protect turtles, such as reducing agriculture taxes and subsidizing education.
Based on the data collected we believe that the freshwater turtle fauna of Nanmao comprises at least eight of the 12 freshwater turtle species known from Hainan Island. Further surveys are required to assess fully the other species. We believe that the most effective action to protect the remaining turtle populations and their habitat is to establish a nature reserve with appropriate law enforcement (Gong et al., 2003b) . At present, there are only two nature reserves in China (in Guangdong and Fujian provinces) created to protect the large rivers and lakes in which P. cantorii is found. However, most freshwater turtles live in small montane rivers and streams. A particular problem facing conservation in China relates to governmental jurisdiction: the management of aquatic wildlife, including freshwater turtles, is overseen by the Fisheries department, while the mountainous areas where most freshwater turtles live are managed by the Forest Department. In addition, each department has central and provincial divisions, further complicating the responsibility of management. Setting aside a nature reserve to protect freshwater turtles will also benefit other species. The mountains of Nanmao are also the habitat of many other stateprotected wildlife grade I or grade II species (Table 3) . We found all of the species listed in Table 3 in Nanmao village, where we were told these animals were collected locally. The major threats to these species are similar to the threats facing freshwater turtles, i.e. over-collecting and illegal trade.
The information we have collected will be submitted to the Hainan Provincial Forest Department to begin a dialogue on how to conserve these turtle species. We have organized some educational programmes in the Nanmao area, including publicizing China's Wild Animals Protection Law in villages and giving conservation awareness talks in local schools. Our future research will concentrate on further surveys of wild turtle species and other wildlife in the Nanmao area. 
